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i^^/^K^rlc-'Resis^'-^^ Mpvalonate Kinases. 



. J ^Ai^i^A mAvalonate kinases that are less sensitive to 

^ for 4>e production otisoprenoid compound., for Ure «a«»n. of duorders « are 

—te Mn.. activity, and for diagnose purpose. 

Mev.Io„.»«na«(MK)Uane»en«d«.,n>ein^.m«vao„a«p.*^^^ 

L production of nunrerous ceUular isoprenoids. Isope„«nyl drphospW (W). ^ 

!r„I« otrhe mevalonat. pad.».y. and flr. Uonreric compound. 

^ mwiPPl „-rt>e fundamental buttding blocks ofisoprenoids mall 

chlorophyU pi > ^^^^ j„ isopentenyl tRNAs. in protein 

mammals. In addiUon, isoprenoias ^j^^ hedgehog class of ceU signaHng 

prenylation and in cholesterol modification of, e.g., the hedgenog 

proteins. 

, . • J K^tv-ct the biochemical and the molecular level in 
mMKenzymehasbeencharacterizedbothatthebiochemica 

avarietyoforgani8msCHoutenetal..Biochim.Biophys.Actal529.19-32.2000). Air y 
ir he DNA and amino acid sequences of many mevalonateMnases areknown 
r ,tot accession numbers/IDs P07277/kime_yeast; Q9R008/kime_mouse; 
Swiss-Prot accession numu n..^nftfi/WTne arath- Q09780/l<ime_schpo; 

P17256/kime.rat; QQ3426/ldme Jiuman; P46086/kme arath. ^"^^ 
09V187/kime pyrab; 059291/kimej,yrho; Q8U0F3/lame.pyrfu; Q50559/kime^etm^ 
0^99^^^fu;Q58487/ldm^^^ 

027995/kime_arc ' ^ ^^^^^^^ The above 

entries can ^"^^^^^^^^^^^^ g,,,,e sequencing projects have been assigned 

sequenceswhihhvebeeno^^^^^^ 

^;r— r^ed^theartit.^ 
sequences in feet code for proteins with mevalonate kinase acUvity. 
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In ttrms of r«ul.ti<m, HMG-CoA reductase b consid«dbro.ay «> be fl>e ^te- 

I/m.ln fte mevdonate pafl^ay (.J, G<*ds«in »d Brow Na.^' 
Ho. W^berger.Tr«.d,B.docri„ol ^'^■^^-'-'^l'^;^,^^ 
J p «-T,pm <ici 21 140-145, 1996; Houten et al., J. Biol. Chem. 278. 5736 

aup .e«.e„u,io. of.be ctare median «itb — ha. 
rsb!::^.o — caro...dprod.c.o„.bo.b*^r^^^ 
M„«dmoL Lett 17. 575-578, 1995) ^nUbmat^^Ptuya^ (KobayaA. et d., J. 
leiment Bioeng. 71. 535-339, 1991). Increasing evidence in recent years, however, 

L nLlona» Bnas. is subiect to feedback inhibition by. *e down-s^ 
, Iducts geranyldiphosphate. &mes,ddipho,pbate and geranylgeranylipho^hate. Th« 
^lIL-bLnV--contributetoregulaaonandrate.in.tationof^enrevalona^^ 

pathway and, thus, of isoptenoid biosynthesis in general. 

In bununs, the importance of mevalonate Unase was d«nons.rated by the id»tification of 
S d^cy as the biochenucal and molecda, cause of the inherited human d,sord«s 

, :^:rcidurU a„d KyperinnnunoglobulinenUa D and P-^*= f-'fj^™ 
^ . 2000. NwoI<oroetaL.MoL Genet. Metab. 74. 105-119, 2001). The 

X W oXt>rders L not ye. understood, but eventuaUy ^ ^ve msight 
tarfLrlTroleotmevdonateBn«e«.di»prenoidbiosynthesUvdd.re^^^^ 

in 7.11we=« syndrome and to rhizomeUc chondrodysplasia puncuta, a disorder of 

Wherein a subset of peroxi^ma. enzymes, including tnevaloiute 
CTZttrlportedinto peroidsomes (Kelley and Herman. Amiu. Rev. Genomic 
^G^i 2 299 341.2001) Finally, mevalonatekinasewa, proposed » play a role m 
l^a?::^;a:i.ce;cyaeregu.tionand.orceUuUrt^Wa^^^^^^ 
„ Virology 208. 696-703. 1995, Himon et al.. I. Biol Chem. 272. 26756-26760. 1997). 

Mmeva,onate«nasesinvesti^tedso^arefeedbac>..nbib.e^^ 
of the pathway. No mevalonate kinase has so far been descnb»i to be ''^"^ 

inhibiLby. farnesyl pyrophosphate or ^""^'^^''^y'^'^'^^.^^'^ 
resistant m«-alonate Idnase enzymes may have industrial potenbd, e.j. (1) m *e 
,a r.2oZcalproducttonofaUkindsoti.oprenoidcompom.ds(.g..caro.»oids. 

c~QW vitamin D. st„ols. e^). (2) as diagnostic enzymes for. e.^. enzymaUc 
r^ZI^t ofmevalon^te conc«,trations in biolo^cal fluids, or (3) as tberapeuuc 
Z^:rLU.,me,a,ona.concen,rattonsinpatien«v.U>meva^mcaa^^ 
^.ck resisUntMKsareparacularlysuitedfbrbiotechnolog.calproduct.on of 
„ :t"rreymaylwaUrgerflu.throughthemevaiona«pathwayan.thus. 
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As used hetem, U>. Wm ^i) „ 5-phosphommlonate 

catalyzing th.phosphor^uon.<^»^-(^^^ _ ^escibedby Wad. »d 

compounds. To '^^^^^^^Xble phospha« donor. As phospl»« donors for 
emyme requires addiUonally a smtable pno p pjefmed phosphate 

^^alonate Muase. different compoun^ are 

donor is ATP (adenosine S'-triphosph...). ^^''^J^^,^ ^ „^„.,e 
Muase-rnaybehorno^o^toone r^o«^^^^ 

which are shorn m SEQ ID NO«.l to H ^ ^^„yy „ 

is a. least about 60* idenUcal, P'"^';^ ^entical, most 

least about 80% identical, even more preferably at « ^» ^ ^ 
preferably at least about 95% identical «. one or more of the ammo a 



15 



shown in SEQ IP NOs:l to U and 30. 
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polypeptide or polynudeoudesequen^.^^^^^^^^ 

between strings of such ^^-^ J^*^^^^^ pl^, version 10.2. AcCrys Inc., 
.ethods.e...v.th«-G^^^^^ 

9685 Scranton Road, SanJ>^«S°' ^ parameters), 
creation penalty 8. gap extension penalty 2 ^detauii p 

W- or 'Vild-type mevalonate kinase" Shan mean any mevdonate kinase 
"Wild-type enzyme or ""J^^ 

homologous to any one of SEQ ID Nos.i i invention. 

ju^^vrpcktant mutants accordmg to tne present uiY 

designing (more) f-^^^^'^^/"^;^!^^'^^^ ^ ..^^-type enzyme" or 'VUd-type mevalonate 
Inherently, this definition miphes that such ^^^ ^ ' concentrations of 

W is sensitive to inhibition to physrolo^cd^Y o ^^^^^^^ the 

nf tVie mevalonate pathway, e.g.y tvif or wrr . 
a downstream product of the mevaion ^ .'^ only 

context of the present invenuon shall not ^^"^'^ ^'^^.r^ „,^e. It shall be 

.evalonatekinases/n^valonatekm.^^ 

, exphcitiystatedherethat^ov^^^^^^^^^^^ 

homologous to any one of SEQ ID Nos. 14 an ; ^^^^^^^ 
.ade (more) ^ee^bac. distant by^^^^^^^^ 
terms "wild-type mevalonate kinase and non mooi 



interchangeably herein. 



r>r"mutantmevalonatekinase" shaUmeananyvariant 
35 A "mutant", "mutant enzyme , or mutant mev . ..^rding to tiie above 



PCT/CH2004/000353 

WO 2004/111214 

-4- 

■ . , .K.„ the resDKthe wM-type enzyme. Bor <he scope of the pr«a.t InyaiUon. it 

r;Tr3 »^.So.ecbni,u« 31, 94^.2001). Fort^tinsoffadbad.. 
:«:;rc:r.!rnbes-..dby.»«hoa«^o™.«.osc.Ble.i..heat.(^^^^ 

site-directei mutagenesis or by designing syn*=tic genes). 

M> in tlte context of this patent application shall include any and aU m«d>olite(s) 
° :::^,:^<:recu.e(s,detivabU.on.n>e,-on..ebyei.bet«.«^o.n^^^ 

vitamin D. retinpids, and the like. 

.0 Wbl inhibition) than .hose of «.e non-modiBed me^lonate hnase. 

j;fip^ mevaloriate kinase which exhibits a sensitivity to 
The invention relates to a modified mevalonate Km non-modified 
feedback inhibition which is reduced in comparison to the correspondmg 

mevalonate kinase wherein 

. • -A c.nuence of the modified mevalonate kinase contains at least one 
. «:;:rlrrr.ean.inoacidse,nenceoftheco.espond^^ 

modified mevalonate kinase and 

„a the at least one muuUon U at one or more an^o add 

••• ,:>f,minoacidpositionscorrespondingtoposiUonsl7,47,93,il4,l3A 

ri~arfr^°-^--°"— -^"^ 

30 mevalonate kinase as shown to SBQ ID N0:1. 

As used hereto. fl« term "feedback tahibition" denotes the tohibition of enzymatic acUnty 
^"'"ZtekinasebyametaboUtedowns.re.mofmev.lonatemu^preno.d 

»v it.^ tn 5-T>hosphomevalonate. isopentenyl diphosphate Uff J, 3,3 
butarenothroitedto5-pnospnoracY<u , r pv j^p^osphate 

35 dimethylaUyl diphosphate (DMAPP).geranyl diphosphate (GPP), farnesyl dip p 
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, . <rrvv) famesol, doHchol phosphate, and phytyl- 

(FPP). geranylgeranyl diphosphate CG^l'^^' ^^^^^ iggg; Flint. Biochem. J. 

pyrophosphate (Dorsey J^^^. ^^^^^^ Acta 279, 290-296, 1972; Hinson 

UO. 145:150. 1970; ^X™; U^^^^^ ■ . 

etal..I.LipidRes. 38. 221 -222^9^^^ 

5 mevaionate kinase is based on "^^'^''^ ^^.p^enoid biosynthesis, 

enzymeofthemetabolitedovmstreamofmevalonatemi p 

P.fe.ably.thefeedba.inhibitionisfeedba.i^i^ 

geranylgeranyl diphosphate (GGPP). 

. the modiaedmevalonateldnase exhibits a sensitivity to 

According to the present invenUon die mo^a^ me ^^^.^,,^6^ 

feedbadc resistance, see below). -tionMas 

ae6n«i above). FeedbaA t«sU.c. can b^ ^'^^^^^^^^ 3hor4y. m«alon.te 

W^e activity is m«»»^ «• » J'^'^ ^^^^^^ 4„„„rt and n.evalo,».K 

non-sab^atin.concentt.''-^^:^ ;^^„Lo.)a.dm.valona«^ 
JO (otmevdonateanaloguej.i^.atAirv P F ^^j^^^^ 

^evaloaatc analogue) concc««..on, -un ^ ^ K. 

ehang^ of Acs. subs«tt The acUvito of bo*«ild- 

,.n. of*, cn^e a,. ^ 

me mevalonate tanase and of a vaiianomu ^ concentrauon 

^ le^e identic^ conditionabo* ^t^^r^Sibi.. affording significant 
of a feedback inhibitor. a. a ^n— ^^,„„ ^ 

i^UUon of the ^^-^^'^1'^^ -he mutant than for the «ild-type 
tahibition) by tf.e feedback '^^^^^^ inthe context of the ptesentpatent 
^..thenthemuunt^^-^^^^^,,^,^.^^^ 
„ appUcaUon. 0»«^ f't'''*''T!lued to identify father improved mutants, 

p^ure as described - ^'^^^ "p«2kres..ance (%) is calcdated as 
nutants that are even more feedback resB««^ ^^^ ^ ^ „ 

Mows: if a andb arethe "-^^^^r^Tl inhibitor (e... PPP). ^i^f-" 
4e absence and presence, '^^y^^^ ^ i„ the absence and ■ 

" rrs:r;eSackh.h.itor.the„..^— 



15 



PCT/CH2004/000353 

WO 2004/111214 

- 6 - 

% resistance = 100.((d/c)-(b/a))/(l-(b/a)) 

, . fc^ctntlieemerimental conditions described in 

Prefe,ably.thefeedbac^res.tancerefers^^^^^^^^ 

Example 2 of this appUcation. Approxnnatdy 3-30 mU ml ^ P 
,^Joi Paracoccus ^ntHin^acUns — ^^j;^^^^^^^ '^Ln. in the assay 
5 mU/mi of mevalonate kinase activity, and optionally 46 FPP were p 
mixture, and the reaction was carried out at 30°C. 

substitution. Preferably. ti« muUtiou . — mol^^^on.^ .placed 
acid pre«n.in the a»uno add sequence of ^^^^^.^ Buase 

«ith a diftren. amino acid in ti. »»» „e.alona« kinase n.y conUin 
of fl,e invention. The am.no aad sequence of the m 

« one amino add substitution «hen «>«,»r^ ^^^'^^^^I n,„dified 
corresponding non-»odifiedmevalona,elun.se_bfin^^^ 

^cvalonate^nasecontalnsat^^^-o^^^--^^^^^^ 

:rrera=t-— ^^^^^^ 

— "-rr:::r-ro::zr:r;ree.o«^^ 

corresponding non-modlBed mevalonate kinase. 

.,■ ,o„,avbeatoneormoreaminoaddposition(s)sel.cted6:om 
The one or — '^^"^^'^^Is corresponding to positions 17. 47. 94. 132, 

30 mevalonate kinase as Shown in SEQ ID NO:l. 

rti:t°r:re:io-dpositionss..c.=d..m.Kegroupcons.tmgof 



20 



25 



35 



PCT/CH2004/000353 

WO 2004/111214 

- 7 " 

™n„ add positom cotr^ponding to poritons 17. 47. 93, 94. 132. 167. and 169 of .he 
IDN0:1. 

If a,e modiM m™lonat.ktaa« cortams only a srngl. amino add '-''satudon «h« 
. " co^spondinj non-modiaa n,evalonaU Mnas. « . prafened *a, the 

ITIino add substation is a. a position selected f on>ti>e group cons.«n^ of 

Single anuiiu ai^iv* i*? a7 Q4. 204 and 266 of SEQ iu 

positions corresponding to ti,e an^o aod po»on^ 17. ^^"^ ^^^3 
N0:1. More preferably, the subsOtutton is IITT. G47D. K93t, vsm. 

,v„l„lv referred embodiment, the mutation U a sobstitatton whiA affects ti.e 
'"^^Itinr^t^dingto^mnoaddpositionnoftheaminoa^ 

'° XTSN^Thealoaddpr.entinti.enon-n,oaitiedmeva^^» 

itTis^efe^blyisoleucin. Ibe amino add in the sequence of the — -^S"* 

, 1 1d„aJmav be changed to either threonine or alanine. Most preferably, tire 
:«r„«^:^Loacid,:sitioncorrespondingU>positi„nl7o^^^^ 
nTsEQlD NO:l consists of fl>e repUcement of isoleudne wti, ti,reonme. 

„^emodifiedmevalon.te«nasecontai»a.least.«o»r.tio^^^ 
correspondingnon-modifled,.evalonateta^^^^^^^ 

• J ^.\^\r.n rnrresnonding tO DOSltlOn 375 or bbQ lU iNU.l. 11 ui^ 

positions corresponding to combinations P^^^^; f/'^^^^^^^^ 

SEQ ID NO:l. Most preferred are the combinations P132A/P375R. R167W/K16i.Q. 

I17T/G47D or I17T/K93E. 

Tf the modified mevalonatekinase contains three amino acid substitutions when compared 

If the modified mevaion ^ ^^^^^^^ ^^^^ 

25 to the corresponding non-moditiea mevaionai r .i7/iA7/ifiQ 

raltutions are at positions corresponding to combinations of posrtrons 

tT^l 93/132/375. or 17/47/93 of SEQ ID N0:1. Most preferred are ti>e 
17/132/375. ,i7T/P132/yP375E. K93Eff 132A/P375R. 

;:^:™"~„7./Ki~ 

» Urr/R167I/K169N. I17T/R167H/K169ir. IlTr/C47D/K93E or I17T/G47D/K93Q. 

,f , he modified mevalonate kinase contains four ammo add snUtitirtions »hen compar^ 
If ti.e modfied mevalo „e^„nate kinase it is preferred that fte ammo add 

„ tire "Xg to con^inations of positions 17/47/93/132 of 

substitutions are at positions corresponuuig ^r-,^ .^n/iroap/pijoA or 

SEQ ID NO:l. Most preferred are the combinations I17T/G47D/K93E/P132A 

35 I17T/G47D/K93E/P132S. 
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; f H .re the combinations Of mutations disclosed in Table 1. 2. 3 or 4 (see infra). 
Most preferred are the comomauoi transferred to mevalonate 

The amino add positions identified in these examples may be transferred 

Idnases of dififerent or^- 
„.«lo,utt km.s« which are homologom to any one of the ammo aad , 



10 



15 



20 



shown in SEQ ID NOs:l to 14 and 30. 

P,,^e.non-«oaBed— Hnas^indndetho^^^^^ 
^es,o„pcon«„.of*."^o— — 

NO:UandSEQlDNO:30. 

moat ptefaably P«r»a.cais z^vAmfatiem ongm. 
,^^,y,.heteeahac.inh*«onof.henon.moaifieam— 
,..nO%.mo,ep«f»Ura..ea.m«^^^^^ 

preferably at least 40%, most preferably at least ^ as 
25 . Example 2 (0 or 46 liM FPP). 

..mo.^meva....e«n.of..— 

present in a nattve (occmrmg m ^d. are not p,«ent 

inananveme«lon^^ta»«.J«to^ ^^^^^^^ 

S::Crita.Muaehn.a«nofimi.e.toa ^u.. 

FLAG tag, a myc tag, and the like. 

V A- „ttl,*. modified mevalonate kinase may contain one or more, e.g. 



30 
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1 • tl,*. invention usually is a non-naturaUy occurring 

, ^^r^V^. Ml „„„ preferably .tlea« 35%. «m mo,. 

lea« 10%, more preferably at lea^t 20 f ^^^^ 

preferably atleaa 50%, most preferAly atleast 75 A ol 

conesponimgnon-modffiedmevalonalekm.*. 

,■ „t.w invention may be an isolated polypeptiae. As used 
Xlre modiaed n.=«lonatebnase »Ta pol^tW. i» 
herein, the term "isoUted polypeptrde '^^^ J ^un 80% pare, prefer^ly 
o^rerpolypeptid. ^ -^XC^^^* P- ^'^'^^ . 

L^r:rr==::««-«nt.eie..„.rd^ 

sWll. - . , 

^invention«^erreiates.oapolynudeo.^=com.i^^^^^ 

eoaea.ramodi.edmev.0^-^— ~ 

^ herein refers to a P°ly"''°»'f f ^ dNA P olynudeottdes include but are not 
„nm„diaedRNAorDNAormod.fiedW.Ao^DNA^ J^^^^ 

U^ted to sin^e- and ^^j^^/. and BN A that is a mixture of sin^e- 

stranded regions, smgle- and double stiano ^jj^^^jgNAthatmaybe 

.d double-strand^d re^on. ^jTre of single- and double- 

si^e-stranded or. more ■>^^'- „r RNA .ha. comprises one or 

sanded regions. ^^'TC^J^Z. modiEedbases. ... ^ 
more unusualbases, e.g., mosine, or one 

sequence which codes for a ■>"■' ™ ^evalonate kinases are show, m SEQ 

polynud^Dtide sequences encodmg . . . ^ttons. deletions 

L N0s:16 to 29 and 31. Methoc. ""rfTX r^'^on-modiiied me^lonate 

, . *5««^PrR-> method are outlined, fcg., by White 
The pri.dpl« of U« polymerase cham '^""f ^> J^^^j, described, in 
et allTrends Go.* 5, 185-189. 1989.«hereas improved mefliod 
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(1990)1. 

« of the present invention can be constructed starting ftom genomic or 

. rdmnt sequence m. 

(„e... CaMo^ni. USA, ^^^^^^^Z, DC USA, 

Cambridge. GB,, NBRF (G»r«e.o™ U»-^.^^^^ 
^dVecbase(Unwer«.,ofW.cons,n B,«^a^^ .^^ 

. U.e sequence tafonnaUon — /^^^tolg. Cold Sprin, 

UboratoryPress,NewYorkl. Awiaeiy ^ i « lai irq 1971). involves the . 

„originaUyoumnedb,Hu.d^son-^^^V„^^^^^^^ 

^je,rcg,onofasn>^e.^d^DNA-^ 1,35; and fo. improved 

in^oduced ('7™ N„eL Acids Res. 17, 4441-4454, 1989,. 

„e*od, .ee ^^.^ *ch U also preferred for .he 

^ ^°*''^°™«\muU8ene«isb,usin|4epo.,merasecl^ 
pracnce of the present mvenuo > fl>e art and 

(pri!l DNA as starting materul can be isolateaoym 
(PCR,.CNAa ° ,,Mdecularaoning) from the respectm 
.„ described, " ^^^^ DNA encoding a mevdonate lunase to 
rtHins/organisms. ItB,however. ... ,. ,„-,„tiB,e„iioncanalsobepreparedon 
beconstructed/nrutatedinaccordance-a^^^e^ - ^^^^^ 

a>e basis of .known ^^:'Y'X^l«TZlrU>Z^ " 
known in the art (as descnbed.e.g..mEP 747483 an , 



25 57,2000,. 



«on.hn..inge.n,p,esoepol.uc.»ti— S^^^^^^ 
according to the invention are shown in SEQ ID NU. 

.bepo.nucleo.ideof.he — n^^heani^^^^ 
poly„udeotide"d^o..s,pol,.udeo^-^^^ 

re^totr:":":."-- 

polynucleotides mi chenncally synteized polynucleotides. 

^ojnc to a vector or plasmid comprising a 
yet another embodiment the invention p«ti^ -«0J^ J ^^^^ 
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^^o, ttanshtton ^ , modified organism (..«.. 

0 modified by transformation or transiecuon; 
corresponding non^modified organism. 

15 man skiUed in the art knows mai tn .ret f over-) expression of the 

«, Ha»e» A Hr^T'-''- '"''T^!"! ^.^^uory auAoriti^. the Am«ican Type 
flu, such microorgantaos are avaOable ftom (CBS) or Ae 

Cdtur. CoBec^on (ATCC). .h. "---T^tTG" MZ) or any o*« 
Pe„«^eSan>n.uns«rMi^oc^.— ^^^^ 

depository auflionty as luted in the Journal ina 4, p,ges 155/156. 2003). 

orln.heOBclal,our„a.o,.h.B^P-P«-°^^^^^^ 
Bacteria „hich can be used are. , P«r«o««. « (^,, ^nn* and 

Bacilli as. e... B»cffl.« or used are. 

^ MeUaertin PEMS Mlaobiol. Ut, .1^ "^"^ ' ^^^J^^ ^, ^ ^ , B,cteriol 120. 
c 0 Qtrains e»£. M15 (described as DZ, i oy v luuicj 
30 :^'!y:;mlZ^;iUNo.33.^,or.»«SG1300MCott^ 

Bacterid. 148, 265-273, 1981). 

vectors which can be used fcr expression ^ hn>si '''l^^^^^^^^ZT^'^ 

,HP42035.orbyCuU«ie.al.(Bio^*^^.^^^^ 

Industrial Mycology. Systems ^.dApphc^tions to M ^^j. 

NewYork. 1991). UpshaU et al. <»''>^'^'^'-''^'''^„,^^^^ ^ for 

. r -,1 iQ iQ«7^ nrPuntetal.(I.Biotechnol. 17, J.?:'i;>« 
(Bio/Technology 5. 71-79. 1987). ^^^^'^^^'^ Biochemistry 28. 4117- 

yeast by Sreekrishna et al. (I. Basic Miaobiol. 28. 265-278. 1988, 
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^ 1 mature 293 717-722. 1981) or in EP 183 070, EP 183 071. 
4125. 1989). Hitzemann et al. (Nature 293. 717 / . ^ ^ 

BP2.8227.BP 263311. SuiUb^^^^^^^ 

5 aL (in Meth. Enzymol.. eds. Wu and ^^^^ ^^^^^^^ 

Press. Inc. Vol. IV. 121 15^l^> ; .„pp207 459orEP405 370.byYansuraand 
„e known in .h. t. and dc,a.bc^^. 2^ ^ 

„ N=ga«ianinMefl.EnzymoU85^S»22^^ 

Biotechnology 9, 291-295, 1991. 

1 .^v»,m-iMuUtoiy dements, e-S-piomotets, 01 the DNA 
Either such vectors •^^'^."^l . ^ contain such elements. Su.td>le 
ofthe Pr-. - ':T:,„ ^ „e, e.., for TH*.^ 



15 



20 



^e^uences ofthe P^^"! -X^rin the art and are, for Tri*o.»» 

^„thecbhl-(Haarhet , ^ ^ .a^„^th.amy-promoter 

(Schindler et al., Gene 130, 271 275, ). ^ ^, , ^ GeneticsP23 (1987); 

..1 khia lOthLunterenUcturesonMolecutaro 
lChristensenetal,Abstr.l9mL 1988; Tada et aL, Mol. Gen. Genet 229, 

Christensen et aL. Biotechnologir 6, 'f-'^ ' ' Bi„„,d>nology 5, 369-376, 
301-306. 1991!, for Asper0us ^^f^-^, ,„ ..atrial 

1,87-, Gwy»r= « "l- Bio/Technology 5, ^ " New York 

M,cology,SystemsandAppUcanonsfoF— ^^^^^^^ 

83-106, 1991),alcA-(Gv^n««=l-'»'°''f"°°f',. 3,5, 1988; MacRae et 
Curr. Genet 24, 60-66. 1993), ^P^" f;^' Zw 1986, UpshaU et aL, 

^.Genel32,193-198.1993),.piA- 
Bio/Technology 5, 1301-1304, 1987), gpM- (Punte^^^^ 

, BiotechnoL 17, 19-37, 1991) -^^^^^^^ l^ f„ e^^ression in yeast are 
, 21-27, 1992). Suitable promoter ^ ^ ^oL CelL Biol. 9, 2050- 

brown m are ar, and are, e.«., the pl-o^-promo^ (Vo^ e ^ ^ 

„ 2057,1989;Rudo«»rdHh,ne.P^^A^^ 

g,p-pr„moter for expr.ss.on .n ^ ^ ^_ , ^^^^ ^„„taoL 

Pichto p«<oris CKouti et d.. Yeast 5, 167-177. 19 . ^59108) or MOX 

rr;:otT^re.t:.=:i";^t^^^^ 

. .andvectorsforbacterialexpressionindude.e.g.,asyntheticpromoter 
35 Suitable promoters and vectors tor " J Appropriate teachings for 

described by Giacomini et al. (Gene 144. 7-24. 1^4^ PP ^^^^ ^ ^^^^^^^ 
expression of the claimed (mutant) mevalonate kmases m 



PCT/CH2004/000353 

WO 2004/111214 



-13- 



'ro«osomdDNA.canb.f6und,nn»nyplac«,^S..USpa.«..No.6,3«.995. 

staphylococa, enw fauyveromyces, 

29rCV.l »d pUa. cen.. such » cdU of a g,™osp«n> or an^ospern,. 

• • „ . nnlvnudeotide of the present invention, preferably for 

t«ir:::^lo.^^.y-o.p.a„.Ho.U..aU<>a„o.i.ct„^..p-«e„t 



invention. 



, The mv»aon Wh=, xeUtes «, a m=d>od fo, producing ^ .oprenoid compound 

comprising: 

d.e host ceU of .he inven^on in a .uiubU mMium under conditions Or.. 
l,C-o« of .he nrodifi^i n,— ^ " "o^' 
(b) opdonally separaUng fl,. isoprenoid compound from Ure medium. 



20 



25 



30 



u ^ for th. biotedmological production of any type of isoprenoid 
compound or r^o^ enord d ^ ^^^^ 

phyK«ne,lycopene,a.,P ""^J^ „,a«„*in and derivatives Siereof (M«awa 8< 
.aonixanto, echinen^. c^^^^ ^ „, 

Shimada. ^^'^t" ^tfc^ CB^Ichnol. lofL-l^:. 1999. M^r^d. Appi. 
1226-1229. 1998. Hr'-^"?' "^^^ ^ ^^^..^^er. Curr. Opin. Bio«chnoL U. 
Microbiol. BiotechnoL 51, 431-438, 19«. 2001i Lee & Schmid.- 

,55-261, 2»». Sandmann, Arc.. Biodrem.B.op^^^^^^ 

B.nner.App.pohiaB.0^01^^.^^^ 

^ ubiquinone (= co^^e ^ ^ 

...erah^coen^Q^-"^^ 
r:rZ.«LueO:ganC.Uure.,201^^ 

; sterolsan.dsterplderivative8suchas.butnotlunitedto.ergose 



wo 2004/111214 
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w«Pt d Nature Biotechnol. 21, 143-149, 2003), vitai^ 



Rev. Biotechnol 11, 163-192. 1991). 



10 



■ r ■ o »Kat are amenable to genetic modification such 

.enCU and meUboUc ^"^^^^^^^^ « T^ans^enic Re. 9. 323-343. 
.t al.. Biotechnol. U«. ^'■^'"''^^^^J.^.y simiUrly. (potency) suiuble 

'I^ra:Xo«aJ.hea.eaorfinea>en^Uo^.He3.a„ap,oa„«^^^ 

.u ^fcrWotechnoloRical production of an isoprenoid or 

, , to. a ^'^^^^^ J,^, fl,e p.e«n. inva,«on i. no. 

^p^enoid-denvedco^po^^^ 

limited .0 whole-celular teimenaw. r ft„m cell lemnanu by, 

c«>.rifa6,Uon or fluatton, or even recons..««d^n P^^ 

In die case of cdl-free b.Mp.tt.esui (such as mm j^,,^ ft„„ a hofl 

irrdevan. wheiei to isoUKd enzymes have been prq.ared by 
^ ty UanscripUon/transUtton, or b, sfll ote means. 
..ein«n«o„fnrU.erreU.es.oan.e*odforprodncin,amodmedmevalona,e«naseof 

25 the invention comprising: 

c„Uurin.ahos.ceUottoinv.tionundercondi«onsto.,Uowe:,ressionofto 

modified mevalonate Knase of to inventoi and 

re«>venng to modified mevalonate kinase fiom to ceBs or ..cm to media. 

^emodiiiedmevalona.e«n.seso,toin,en.onmaybeprep»ed..on.6«.«i'-'r 
50 engineered hos. cells comprising expression systems. 

Porrecombinan.prodnc.onoftopol,.P^^o^.-^^^^^^ 
.eneUcanyengineered^incorpo^teP^^^^^^ 

i„,entton. tattod"cOonofapolynudeobde or »e Davis et al., Basic Metods 

methods described in many sUnd.rdlaboratt.rymM.uals le.i..,Davi 
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in Molecular Biology (19M). .nd Sanirook et al.. ^'^^'^^^^'7,,,,,^^ 

I LoL lipid-meaia^a ^ansfecdon, de«opo«,io„, «a«ducUon, 
5 balUstic introduction and infection. 

Agreatwi r r j^^^^^ong others, those described supra. 

be heterologous signals. 

:^at:LdIlnsisolaUo„aud.orpuHacat.o„. ^d 
describedto.^., Deutscher.ProtemPur,flcatton A^dem cJ««.Newyo 
Scopes, Protein Purification. Springer Verlag, Heidelberg, 1994. 

„f .h. nresent invention can be also expressed to plants according to 

^ ::r rn" rp-ai, . ..n^ u. ...su i^orn. j 

mcuiuuo .1 J in PP 449 376. Some suitable examples oi 

i::r:^mvims(CaMV.gene.. O-'VPeofeeci.t^.P^"^ 

J 1. . Wdi level plant promoter. Such promoters, m operable Imkage vnm 
» '^^•^'''''^"^'"fJn^^toventionshoddbecapabl.ofpromo.ingexrressi^ 

of the present gene J. o ^f.Veribulose-l,5-bisphosphate 
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300, 1983). 



10 



wv, .nmmercial production of the instant proteins is desired, a variety of cdture 
Where commeraalproau We-scale production of a specific gene 

.ethodoio^esn^ay^app^^^^^^ 

product, overexpressed ftom a ^^^""^ ^^^^ methods are 

T <:.,«/1i.r1and Mass., or Deshpande. Appl. Biochem. Dioiecnnu 

supra. 

include but «e not linuttd to monosKchandes S"* 

» :::l::Iu,gsub..r.,«and«fflo„l,UlU.itedby.hechoic.ofo.,a™»^ 

. • („,therrdatestoamea.odfcttheprq.aiationofam«alonatektaaK 

W p^^dingapolynodeoUde^^duiafir^m— Mn,se*ch«h.^it» 

sensitivity to feedback inhibition; 
„ „ ..r„duc..oueo..o.„u.a..o...o*.p.^-^^^ 

least one amino acid mutauonwnen CO ^ ^ ^dd positions selected from the 
...eastonean^oadd — 
group condsttog of Mnrno aod poatmns cortesponomg J 
„ k 169. m and 266 of the annuo acid sequcnc as shown m SEQ ID NO.l, 

(c) opUo„all,in«rUng.hen>uUtedpolyn„d».id.ina,ectororplas«u4 

(d) in.roducin..h.polyuud=otid.ot,hev^orpUsu.din.oasuiUblehostcd«;and 
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mevalonate kinase. 

. f dembodimentsoftmsmethodcorrespondtothepreferredembodimentsof 

The preferroi polynucleotides encoding them, the vectors and 

,hemodifiedn.evdor.te^^^^^^ The first and second 

5 plasmids. the host ceUs. and ^^"r „„„.^,aified and modified mevalonate kmase. 
mevalonate kinase correspond to the non mooi 

respectively (see supra). 

. ctwmeofamodifiedmevalonatekinaseoftheinvention 

Another aspect of the invenUon is ^^^'f^'^'T^ of a medicament for the 
1 44^«,^ftl^P invention for the manufacture 01 a mcoicdiu 

or a polynucleotide of the "^venUo ^f mevalonate kinase. Such 



10 



15 



ofa disorder --f^^'^^^J^l. ,„eHn>muno^o>,^n«*.I' 

and periodic fever syndrome. It B preterrea ^ Themodeofadministrattonindudes 

^,en.o„isadn>ini«eredasa««rape*c»^^ 

oral, parental, inuaperuoneal and/or s^^» ^ ^,„^.ed as pharmaceuttod 
.e,.„..eMnas.of*e — ^ 

compositions (e g- g™-"'". ' „™„,al„„eorinadBlinurewifll 

.„d.helike)comprisi..8a,l««tonesuche„yedone^J«^^ The pharnaceuUcal 

pHarmaceutica^yacc^tabie^^.-^^^^^ 3^^.aose 
compostUonscanbeformuUa^a^-^^ 

le«is for any patucular patrentwUb. ™W . ' ^ „,i^^ eneral 

— rrof!— -"-^^^ 

::t;i:o:i:rseverityof.irep.rtio.ard^^ 

Ue polynudeotides of the in,e„tton may be used in a genetherap, protocol. 

... • the use ofa modified mevalonate kinase of the 

111 ^ 



interceUular and/or extraceUular fluids. 



30 



35 



..isanobiectoftbepresentinve^tiontoprovi^^^^ 

acid sequence coding *.r a rnodi^^—-^-^,,^ , 

rei:— cr=::r— ----- 
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host ceU or the culture medium by methods Imown in the art. and a process for the 

such . polynucleotide into its duomosomeCs). 

• » obiect of the present inventioa to provide (0 . DN A sequence whidx codes for 
^ ^ an ob^ of * P J of the present mventron 

':^':^r:bTrvrJst«dardconditionswi.en,of.he.^^^^ 

-fir mncUfied mevalonate kinases of the present invention, or (u) a DNA sequence 
speafic n^odified mevalon ^^^^^^ ^^^^ ^^^^ ^^^^^^^ , 



10 



specific modified mevaiona^ r ^^^^^ ^^^^ 

v v^ rn^« for a mevalonate kinase carrying at least one Qi xne spew 
which codes for a m^^ ^ ^^^^ hybridize 

but which P° ^^^^^ ^.ditions with any of the DNA sequences of 

sequence which hybridizes unaer siaiiu^ sequence 
^^pecific modified mev^onete Bn.es of *epr«en — 

MA is a fragment otsuch DNA sequences whrch minntems the .ctrvrt, prop 



15 



polypeptide of which it is a fragment. 



20 



25 



30 



.eneraU, >^by a - ^^^^ J^^^^^^ 

„e described. ^'^^^'^^ or preferably so-called stringent hybridization 
Harbor laboratory Pr«s 1989. New ^ork. o j y h^atotiou 

„dnon.s,,ingent«ashurgcondr,.onsor«^2^.tr^^^ 

stringent wastang con^Uo. t^n ^ ^^^^ 

ascribed, .s. in Sambrook « al. (s ..). A speafl ^ P 

conditions is overnight incubation (e.g, 15 hours) at « C m 

■J. ^,«Cll50mMNattl5niMtrisodiamatrate),50mMso<uump op 

formamide.5x5il-U5uniivn'.a ..jin.i./ml of denatured, sheared 

(„H 7 «. 5 X Denhardfs solution. 10% dextran sulfate, and 20 1'S""' ""^ 

„ern, DNA, foUowed by cashing .he hybridization support ur 0.1 x SSC at abou 

65'C. 

u- » ti,P nresent invention to provide a DNA sequence which can 
It is furthermore an object of the present mvention p 

, ■ J called Dolvmerase chain reaction method ^ f'-K ;Dyrv. y 

activity properties. 

The v^ious embodin-ents of the in,«.don described herein may be cross-confined. 
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1 • riilrulated with the program ClustalW of 

l: Multiple sequence ^^^^^^^^ y^M^ ^ (ABA™), 

mevalonate kinase. 

Pi^ . In^oauCoa of K93E n.ev.ona« — «o„ ...o 
The follows --'ta>i*-gexan,pl«teU>«ffl-».e*. invention. ■ 

Example l: Multiple sequence dipiment 

. „f ,llffmnt mevalonate kinases (see Kg. 1) ean 
,„^tip.ean^oaddse,uencea.^«e^<.^^^^^ 

U catenated, e.^.. v«* ti>e V^^^' ' _^.3„^ ^ ^..Mowing 



15 



20 



25 



be calculated, ^J., «ith the progrm rux- ^ ,,.3752. USA) using the.Mowing 
,^^.ln.,aS5Sc«n.onW.S^D^»^^'^^^^^ 
paiatneteis: gap creation penalty 12, gap eaens P r Heidetbeig, 
defeul. parameters); or wiflr the ^'^'^^^^^^'^^ « 
„) nsing BLOSUM exchange ma». „^ i,5„.12578, ' 

performed by the man sldUed in the art (..«., Cho et aL, ). 

2001). 

l„„.te kinases in the context of the present invention may show 
Homologous »"»"'""''^" abases shown in Pig. 1. Figure 1 g-ves an 

,e,uence similarity mth any of A'"^^ ^i„„, ^„ .ad sequences 

sample of a mdtiple sequence ^r"-^*;" ^fce (SCHPO). 

of mouse, rat, man. A— ""^^^f^™!, (PYWIO), P^»-. 

yeast (VEAST), jy»a)ccm «b>^ (P^RAB). iT-" (mcttH), ArdosogWus 

Pa,«oca« ('^^^'^T:^ , ' ^,«„„, of the other sequences. e.j. the 

^eferenceforaminoacldn^^wB^^ 

ones named before '^'^^^^'-^'-^^ ^ "'"'^ " . 

the m mutation '^'^^'^l'^^^^ ,bove (which is in fact position 4 of the 

position 6 according .0 tire -'r"^ ^fTnaturally occurring Glu CB" refers to the 
,atmevdonat.kinaseammoaadse,u^.*^n y 

tl^lthUway. 



35 
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10 



15 



feedback inhibitors 

««innate kinasc activity have been described, e.g., by 
Enzyxnatic assays for ~^^^^^^Z al. (E^zynxe 41. 47-55. 1989). Hinson et 
Popiik (Meth. EnzycnoL 15. 393-, 1969), UDson e v / 245-254,1999), 
iTt L^id Res 38, 2216-2223, 1997), Schulte et aL (AnaL Biochem. 269, 245 254, 

dissolved u> 5. »^ ™„ ^ ^ „a ^„ (RT). Except if 

* ; ^' ^tTmlo U;L mruv^ekinase and 27 U/ml lactate dd.ydrogenase . 
(PBP).032nAlNADH.20 U/m^W^ OGPP, ,pp, DMAPP and GPP t.^ as 
(Sigma-Aldrich, St Urns, MO. USA). FPP. ' ^ fto„ 

• in the assay mixtures (at concentraUom of 0-100 were an p . 
uJnbitors m the Msay mat t donate kinase, enzymatic reaction 

Sigma. Upon addttron P-«^^«^Xwrfby photometric measurement at 340 nm. 

mevalonate per min. 

Examples: Testing of the, .»dity of the enzymatic assay 

.noptimala^sho.d^anu»b.of^«o^^ 
concentration and linearity with ti»e. In addrUon. - ^ '™ 
the assay should aUov, to ,uantif, inhibidon °f ^ 
,.eexperimentsofd.B^P^-~^r^^^^^^ 

KH JO. PH 7.0, 0-l»-* ■"^^'^ ppp 0 'r^Un, 0.5 mM PEP, 20 U/ml pyruvate 
0.25-3 mM mevalonate, 0 or 46 FPP. »MN of purified Hi«-Ugged 

Idnase, 27 U/ml lactate dehydrogenase, 30 C Ditterent ain 
Par«c«ccus ze^imf'^^ mevalonate kinase we used. 

Theexpetirn^rtsoftMsexampleshowthatOren^— ^-^^^ 
Hnearvithtimeandenzyme(m^ona«ta.^^n»a^^^^ 

E^ple 4, MutagenesU of P_ ^.Wni/«i» mevalonate kinase to obtam 

feedback-resistant mutants 
. 1 n«tekinasefromP«racoc«»szeaxanfWm/««en5R114isampUfiedby 

,3 ^;z:p— " "-""-'-^■'---'^•'^"'"''^^ 
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25 
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. • of the 5'-end sequence of mevalonate kinase without the ATG start codon. 
weU as a piece of tixe 5 seq ^^3ionate kinase including the stop 

andaprimercon^^^^3-^d^ 

Tcrorl^t -^^^^^^ -^"^ T' 

PGR product is aig«.icu uj ^ contains a T5 promoter 

^ A wWrH is digested with the same enzymes. pQE-SOL contains 3 v 

i Germany), which IS digested wi j^j^bited by the lac repressor also 

regulated by a I«c operator element -^^-^;7;^^ ^ j,H5a of Invitrogen 
encodedbypQE-SOLTheplasmidisthen^anstorme „ ^^^qq ^IPTG 

,v J rA n<;AUccording to the suppher's protocol. Upon aaoiuon oi lu ^ 

,„ J^„«lon.te kinase mutant enzpnes is doae^thN.- 

mevalonateBnaseandofHiss-taggeamev-uuii 

^AchromatographyusingtheQIAexpresssyst^^^^^^ 

• fHis taeeedmevalonatekinaseisachievedbytheso-called-twostepPCr 
Mutagenesis of HiS6-tagge<i mevaiona 

rr«t^r^^^v. ^^PCKp^dnctisp^iaadW^^ose,. 
PQE-80L. The tempiai pv. .u. second PGR reaction also contammg the 

"r:::fai/:::^^3-^^^^^^ 

pmner pQB-3 encompassmg • p. dactiopliorB« 
„ pQE.80I,His-Mvk as temPUte. The P CRp^du^ «P / ^ 

„d jested by BcoM and B»,m. 

Binally, flie digested ftagment is ponied by agarose decttopnoi 
BOLlineailzedbythesameiestrictionenT/mes. 

Peedb^kresistanceofmutantsofP— 

^- mevalonate kinase 

ZD 

. J T^-^ in Pvamole 2. The assay mixture consists oft 100 
Mevalonate was ^^'^f^'^^^^^^Z. 2 n^ MgCl. 0.5 mM 

phosphoeDolpymvate(PEP),0J2mMNAI^H^ pp ^.p p^p 

Lte dd-ydrogenase (Signu-Aldxich, St Louts. "^^''^Xm Sipna. 92 ^ 
„ .d GPP tested as ^bitots in 

FPP or 17.6 MM GGPP were used for nJubrUon P"^™ ^ ^p ^ Qpp. 

^rr re:r:°arrr;::ci;i-o^p--'-'- 

L:S:~:::.::«creaetlonreaec.edby„^^^ 
35 foUowedbyphotometricmeasurementat340nm. 
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Feedback resistance (%) is cdculated as foUows: if a and b are the m^^^^ 

^le activities of the wild-type en^e in the absence and presence. respecUvdy. of the 

Srbriibitor(inthiscase.PPP^^ 

activities of the mutant enzyme in the absence and presence, respectively, of ti.e same 
feedback inhibitor, then % feedback resistance is: 

% resistance = 100.((d/cHb/a))/(l-(b/a)) 

Table 1. Impact of mutagenesis ofParacoccus zeaxanthinifaciens mevalonate kinase on the 

specific activity and tiie feedback resistance of tiie enzyme. 




10 



WT represents tixe mevalonate kinase with SEQ ID No:15 (witi. Hise-tag). 



^at these mutations have an impact on feedback inhibition ^f-^dona^ ^^^^^ 
.ornri^g Previously, a conserved, hydrophobic stretch from residue 133 to residue 156 

binding (Riou et al.. Gene 148. 293-297. 1994; Houten et al., Biochim. Biophys. Acta 1529. 



10 
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tKe above mutations is located in the corresponding 
1 o A? 2000^ However, none of tHe aoove muui 

19-32. 20UUJ. no . • -r.^ mevalonate kinase (residues 137-160). 

stretch oiParacoccus'xaxanmmtfaciens niev«n 

r * » T.,ve been proposed to decrease or even destroy 

Law. L265P. mST, « ^ur. I. Hmn. G«.«t 9, 253-259, 

20011 CniiMt a aL, Eui. I. Hvrni. Genat. , 

„4 E215Q) occur at reridue. " Zi,,^ ^ ^ » 

15 activity of the enzyme. 

the resUtance of the enzyme to feedback inhibition 

A « ;n the same way as described above for mutagenesis, 

^«dmu«gan«is«ere:„adeofr,ndo™«d«,uenc. 

. r • 1 *!;7 und 169 in the Paracoccus 
rr uio 0 <;atnrated mutagenesis of residues 167 ana io^^ m 
Table 2. baturaiea luutag onaimDact on specific 

zefl«.«tWm/«cie«smevalonatekinasemutantll7T.andmipact p 

activity and feedback resistance of the enzyme. 




I17T,R167W,K169H 
I17T, R167T, K169M 
UTT, R167T, K169Y 
I17T,R167F,K169Q 

I17T, R167I, K169N 
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I17T,R167H,K169Y 



64 



Wr represents the 



mevalonate kinase with SEQ ID N0:15 (with His^-tag). 



Table 3. Saturated mutagenesis of residue 93 m tne tara 

mevalonate kinase mutant I17T, G47D. 



Mutant 


Specific activity 
(o/o of wild-type) 


Feedback resistance 
(%) 


I17T, G47D, K93E 


76 


78 


I17T, G47D, K93Q 


83 


76 



. „ nf r«idue 132 in the Paracoccus zeaxanthinifaciens 
Table 4. Saturatedmutagenesisof residue 132 in 

mevalonate kinase mutant I17T. G47D. K95Ji. 



117T, G47D, K93E 
I17T,G47D.K93E,P132A 
I17T, G47D, K93E, P132S 



Specific activity 
(% of wild-type) 



Feedback resistance 
(%) 



i 
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feedbackinhibition-tMiaimtmevaloMtckmase 
TO ^ ^ in vivo of — ^t'-^^^-^-^Cd^'^: 

.«»»Am.^a». The P'"*^"""' ^ ^„tf, that diff» 
QIO compared directly to two recombinant warn. 01 1". z 

,5 onlyby are presence or absence ofth.K93E mutation. 

Immi^ rnn.<^ti;uctions 

..epUsmidconstrucUonsaredepict^dUsta^^-yj^^^^^^ 
doningwereasfoUom. E^listrams were grown at 37 CmLBmedm 
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Dickinson, Sp^te MR USA). For mainKnance of plasmid, in «conJ>m».E ccU toins. 

^^Zl » -h^cul^r. medium. Agar (1.5% 6nd concmtation) was added for .oUd 
media. Uquid cultures were grovm in a rotary shaker at 200 rpm.. 
„, -A BKB If ™«.oD-wt(Fisute 2) contains the mevalonateoperon, including its 

Ld m sites of plasmid pBBlaMCS-2 (Kovach et al. Gme 166. • ^ 

doned mevalonate operon corresponds to the sequence ftom nudeof d« 2469 to 9001 of 
tCnce ha^ngL GenBanMMBL .session number AI431696. Between ^ 

, ^^rrrmevalonate op.«>n sequence there is a short iinte sequence. *ch « d«^d 
, - ^ Carlsbad.CA.USA)«.dcorrespondstothe 

seLnce ^th accession number AJ43 1696 is from p. zea;<«ntW^^^ 
ATCC PTA-3335). not from P. zeaxanthinifaciens strain ATCC 21588. The only 

, nthem.^^^^^ 

A-Cn3B8anaRU4isamutati^m.e^^^^^^ 

results in a change of ammo aad 265 m "^^227^^.-0...^ is from ATCC 21588, it 
rA265V) Because the mevalonate operon mpBBR-Kmev op mis. 

It^ll! contain the mutation, thus codon 26S m is GCC (and not GTC as m 
20 accession number AJ431696). 

A nUsmid analogous to pBBR-K-mev-op-wtbutwiththe mvfc gene from stnun RIM was 
A plasmid analogous p , j„™b K.mev-0D-R114. IntroductionofaddsAgene 
aUocon«n.ctedand«sdes,gna«dpBBR-K^^^^^^ 

from P. u^inif^c^ stram ATO f '^^^ pBBR- 
region between the Bdl36 II and the Spel sites of pBBR-K mev op Ki 

25 K-mev-op-R114-PcrtS-'**'*«>t'''8™^'^'- 

The anal step was to create a plasmid identical u, pBBR-K-mev-op-Rl 14-Pa,W*A«. but 
"rK93BmuUtioL.h.-n,.gene.ThepWmidpBl^S^^^^ 

wasoonst™c.edbysubdonh.the,166bp*n»l-Spd^S^^^ 

*e mutated gene into dre 3' «.d otthe me«lona.e operon. "J^^ 
K93B was cu, with ftui and Asd «.d the 1 kb ftagment carrymg "f^" 
1 vMPmutation wu8UgatedwiththeXm»I-AscIcutbadtboneofpBlu2SP-mv)tm»o 

:^^Ks7«t~d. Toreconsatutethe^m-Un^ 
^Sb mu Jon in mvfc pBIu2KSp.-™*-K93B-™«i was cu, wr* *n»I »d 
::.he3166bp^enthgated..«reS.S^^ 

mev-op-RlU-PcrtE-ddsAwt, resulUng m pBBR-K-mev op ^mvK 
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K93E is derived from P. zeaxanthinifaciens st,am RlU (AT^C PTA 

, -A. «BBR K-mev-op-RlU-PcrtE-defcAv. and pBBR-K-mev-op-(myk- 
In summary, plasmids pBBR K mev op ^^^^^^ ^ 

K93E)-PcrtB^'WsA^ ^« identical except for the presence 
) plasmid. 

e2Sstnictioa£££^^ 

-♦oftor The compositions of the media used for 

ttyptone. 10 g-, ya«l «^ " J„„ „ Medium 36a;2 

pH U adjusted ,o 7.0 before sl.rtat.oo by a^^"" «Jct. 10 p tryptone, 10 ff, 

. , Jidilled water); D-ducose-HA 53 &y»'"™*"' '>' " 

" M i^llt 4epHof,h=mediun,isadiustedto7.4before 

sKriltotion by filtration or autoda^og. ^f^J^n are added. The Utter flrree 

1 hTTTP «5nlution and Care solution arc auuw. 

^oelements sd^n ^^^^ aistiUed 

solutions are stenhzed by filtration, jvu _ „ , „„co„H,0, 2 e NiS04-6H,0, 0.2. 
» ^.er), (m,«SO,H.6H.O. SO . ^^^^^^^ ^^^o! 250 g; 

BT^TA Ik a NKP solution contams (per Uter aisuuea waw y , ^ „^ - „ ^, ^tt,o 5 

C^e s^^°" 



g; concentrated HCl, 3.75 ml. 
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p^eparationofelectrocompetent^ofP..^*"^^^^^ 

decoporadon was performed as foUows: f ."^^ r^^^;^, js'C, 200 rpm 

.stationaryphase cultureofP. — -^-/-^^^^ 
„,U,.noptica.densityate60,m,^*o».0.5^^*^^^^^^_^^^^^^ 

^trifugation fbr 15 mmutes a. 4 C. 7000 x g and w ^^^^ ^ ^ 

,^,pH7. r^^Lt or^ycerolw^ 

the cells were either used mmiechately tor v ^ 

concentration of 15o/o and the ceUs were rtored m 50 ^^^^^ 

p...idDNAwasaddedinsalt.freeso^on^^^^^^ 

.V/cmandl290hmsin..-.^^^^ 

and 5 milUseconds. One ml of F medium ^^^^ 
hour at 28«C. Dilutions were spread onto F-agar piaxes 
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incuba«d a. 28-C Pa««ve «Mfon»nu ware confirmed «, conUin d.e desW 
pUsmid by PGR analysis. 

^,,„„..,„r ^«..n.fn. iiiii|iiir-rnTir-"'""'-"'i"^°" 

Co««m= QIO production was t««d in fed-bauh culttvattons of P. 
' rr"cI™i^«a«d6«»*o.enceUsuspcnsio.(s.or.das25% 
r ?f 1 « 80X) The pr^ulmrcs for the fed-batch ferraentations were prepared 

s^::^.t:a^-^a*— .oo.of3e.«^^^^^ 

,0 the precnltures was T''' P^«^ ^„ was between U and 22 

:::r;UBiotlln.erna«on.,Melsnn,e„.«)con«^»^^ 

V- /.x«r l^tpr dktilled water): D-glucose-H20, 25 g, yeasi 

ZnSO;H.O.0.03B.MnSO*O0^^^^^^^^ 

r ■*°':rof « 'c^^'^-^ ™»>^ '^'^^^ 

The composition of KP soluuon is ^pc concentration) was 

NaaP0..2HA 2<« g; (NW^HPO,. 100 g, '^^^Z, in aU 

.» added to the nrediun. fbr P'-»^-«XdS^^^'* D-g.»cos.HA 550 r. 
p.ocesseshad*e«— ^'^^^^^^ 

^el^^r wl" n^td With sterile water such that addiUon of 400 n. to the 
Precoltureswer. duu p.™entation conditions were 

bioreactor f'"t„Zr „u 72 IM controUed with addition of 28% 

:r.".:rhoursW.^^^^^ 

„ cessation of base consumpfon, a sharp pHmcr^e^d a ^ 

the indication dut .the initial ^ucose was exhausted and 
^dardf«dprofikwasdefinedasfollom(iromfeedu,6S»rt^^«0.^ 

^ r.*^ ftn aih inr 1 hours then ramp down to g/n ui x x 
an jr/h in 17 hours, continue at 80 g/h tor / nour«» ui r ^. ^^7n 

bOg/nini/uuu , 4.„44«„ rtot^il fermentaUon time = 70 
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hours). The final volumes of the main cultures were about 10 liters. 
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.A^»rxA were obtained from Huka (Switzerland), (coenzyme v t- 
S^e^o* «ndL „». ob«in«i *om the Chen»«y Re.«ch D.pa«n«nt. RoAe 
Vitamins Ltd., Switzerland. 

«. a d^^.. >3 -^^S^^™,) added and ... 

.UbiHzed e^racUon f^^^^^^^^^ (KA. Ge^any) .0 enhance 
»mples were nuxed for 20 minutes in a laoo r ,„„OTaB„ts were transfared to 
extraeUon. ftoaBy. the samples were centti&ged and the sup«^t 

amber 8la« vial, for ««lysis by high performance liqmd chromato^phy (H 

. .. HPirmethodwasdevelopedfbrtherimultaneousdetermination 
HPLC. AreversedphaseHPLCmethodwasae p Nearly 

„«i,ulnonesandthe.c„rrespo„ding^^o^^^ 

:reX:a'^— 

The method parameters were as follows: 

YMC Carotenoid C30 columo 

3 micron, steel, 150 mm length x 3.0 mm I.D. 
(YMC, Part No. CT99S031503QT) 

Security Guard C18 (ODS, Octadecyl) 

4 mm length X 3.0 mm I.D. 
(Phenomenex, Part No. AJO-4287) 
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Column 



20 



Guard column 



25 Typical column pressure 



Flow rate 
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Mobile phase 
Gradient profile 



60 bar at start 
0.5 ml/min 

Mixture of acetonitrile(A):methanol(B):TBME(C) 








2^ 


60 


15 


25 


60 


15 


25 


0 


0 


100 


60 


15 


25 


60 


15 


25 
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Post time 



Injection volume 
Column temperature 
Detection 
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4 minutes 

10 111 

15°C 



Three wavelengths v^ere used for detection of specific 
compounds according to Table 5. 



Table 5. HPLC retention times and wavelengths used. 



Compound 


Wavelength 1 
(nm) 1 


Retention times 
(min) 


Zeaxanthin (Z-isomers) 


450 


4.2, 6.4 


E-Zeaxanthin 1 


450 


5.2 


Phytoene 1 


280 


7.7 




1 p-Cryptoxanthin 


1 450 


1 8.6 


1 Ubiquinol 10 


210 


11.4 


Coenzyme QIO 


210 


12.8 


P-Carotene 


450 


14.5 




1 • 

Lycopene 


450 


22.0 



10 



15 



and ubiquinol 10) compWy »«P«^ p,epar=d «.d analyzed. A 

^es of coenzyme ^^l^^:";":^"^:^^! iefflcieutw. 0,9999. 
UneK range was fom.d fiom 5 mgA to 50 m^l 

Theliuut of detection for coenzyn^QlObyteWlC^d^^ 

„grt. Therep.oducibili,yof.he,nemodmdudm6fl«^^»P^^^ 

T» individual sample preparation, were compar«J. The rdaUve s« 

determined to be 



Cm 



10 pm^'^^^^^^ results 
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-so- 
under the fed-batch cultivation conditions described above, the final concentration of 
Under the ^'^^ ,ea:canthinifaciens strain R114/pBBR-K-mev-op-(mvfc- 

. P^lLl. Thisdifferencewasnotattributablesirn^y^^^^^^^^^ 

^ • ctr,4n P 1 i4/oBBR-K-mev-op-(mvfc-K93E)-PcrtE-ddsAvrt aiso snowc 
t^ie two strains, as strain Kii*/pD»^ ^ n 

massftour) compared to strain Rll4/pBBR-K-mev-opRU4-PcrtE-JdsA„. Further, 

m^onate accumulation in .l>e broth compared to stram ^'"'^^^^ ^^^Xyi-m^- 
Zb diA„ This comparison shomd that the K93E mutatton m plasmtd pBBR-K mev 
^.^t^^ZcnE-L. is directly responsible for the improved prodnctron of 

coenzyme QIO. 

Example 8: Effect of the I17T mutation on tiie solubility of Paracoccus 

zeaxanthinifadetismevaioTiaXftlaime 

rStT^* 4^^^=^'"). TheHiss-ta^edP—— 
? ..WnL(SEQIDN0:15) Jsodisplayed.pronom.c«ltend«>cyto 

-^cularLbuffersolutions^iarra^h^ 
71 Zi/o. pH 8.0. 300 mM NaQ, «0 mM imidazole,. ^^^^^"^ 
taK«i Pa^^us z»«.-.*mi/<.d"« RU4 mevalonate Imase mutant 1"^ ^Tl/ 

and stable under fte same conditions, so that this muun. enzyme . much better 
suited for applications reqmring soluble mevalonate taiase. 
^U9: Beedb.ckbhibiUonofmevalon..ekinase«i.hdiffe«..do«nstre.» 

products of the pathway 
Differentm.va.„nat.kinaseswerep,eviouslyrepor^.ob..ensi^e.^^^^ 
«>i«onby.hef„Uo«in5downstreamprodu*o.^m»^^^^ 
r,»<.oo rpp FPP CGPP.phytyl-PP,&rnesol.dohchol phosphate. Att3»|rm 
™ P or D^P ^-^^ of Hiss-Ugged Paracoccus ^n^e,^ 

^^ceoftheP—— 

I17T/G47D/K93E/P132S to feedback inhibiUon by FI^F ^y/ txjvi; ox va 
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30 



83% and 92%, respectively. 
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E^mple 10: Idendfiction of corro^ndmg r«ddu« to mevaloru... kte«e. that are 

Homologous to P»«.ccusze«mftW^^me«aon..etan«e 
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, , iur,m«,t nroeram GAP (GCG Wisconsin Package, version 10.2, 

^J^n p««Ity 2), d>e Mowing r«idues c»rresp«nding » sp«iflc anuno acd 
^„tra>e Lino add »,u»« of P— — -=>ona.. 
(SEQ ID NO: 1) wer? identified: 

Amino add position 



10 



SEQ ID NO: 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
30 



117 


G74 




V94 


115 


S45 




\y*x 


115 


S45 






115 


S45 


K93 


V94 


112 


P43 


S83 


T84 


114 


S45 


Q93 


E94 


114 


N44 


V76 


Q77 


114 


G46 


£80 


V81 


114 


G46 


E80 


V81 


112 


(-) 


K78 


A79 


112 


T37 


(-) 


(-) 


HO 


S35 


(-) 


(-) 


no 


Q40 


(-) 


(-) 



K93 V94 P132 R167 K169 R204 C266 



(-) E163 P165 R215 C275 
127 P167 K169 R215 C275 
129 R171 S173 R215 C275 
131 E167 E179 K215 D265 
1131 L172 K174 K216 C275 
>120 P162 S164 R208 I26J 
(.) L136 L138 Y173 S238 
(.) L136 L138 Y173 S238 
(-) L135 L137 F172 7227 
P80 R115 H117 Y152 1208 
076 GUI Mil? (-) D197 
T93 K129 L131 E166 1220 
S58 A59 P93 D128 L130 A165 1223 
126 G56 K102 V103 P141 R176 K178 R213 C275 
113 (-) S86 187 P135 R178 T184 K22 4 C290 



114 (-) 



^0 acid numbering according .0 ihe resp«ti« ^-enc« SEQ ID and 30. (-) 

No homologous residue has been identified. 

^.pleso.aminoaadse.uenceso.non-mo^^^^ 

linuted to the foUowing amino aad sequenc^ (SEQ ID ^O^-^^^* 

sequences encoding the non-modified mevalonatekmases (SEQ ID NOs.1 14 and 3 J 

shown in SEQ ID NOs:16-29 and 31, respectively. 

SEQ ID No:l: Amino add sequence of P.r«cocc«. .eoxantWni/^^^^ 
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« of human mevalonate kinase (Swiss-Prot accession 
SEQ ID NO:2: Amino add sequence of human mevaiona 

no. Q03426). 

. ■ .-^^auenceofmousemevalonateldnaseCS^-Protaccessionno. 
SEQ ID N0:3: Ammo aad sequence oi muuac 

Q9R008). 
P17256). 

\ . ■ ,oa,eauenceofArabidai>5i5f/i«I»V.mz mevalonate kinase (Swiss-Prot 
SEQ ID N0:5: Ammo aad sequence oi jvuw^ r 

accession no. P46086). 

. . „f mevalonate kinase (Swiss-Prot accession no. 

SEQ ID NO:6: Amino aad sequence of yeast mevaionai 

10 P07277). 

SEQ ID N0..7: Amino add s«,uenc o{ S^i^sacd^or^c po* kinas. 
(Swiss-Prot accession no. Q09780), 

A • ^^.eauence of Pyrococcwa&yssi mevalonate kinase (Swiss-Prot 
SEQ ID NO:8: Annmo aad sequence oi r/rvi-y / 

accession no. Q9V187). 

« A • ,.id.eauenceofPyrococai5horifco5h«mevalonatekinase(Swiss-Prot 
15 SEQ ID NO:9: Ammo acid sequence oi r/rui. 

accession no. 059291). 

. . • ,eaaenceofPyroc(,ccus^mstls mevalonate kinase (Swiss-Prot 
SEQ ID NO:10: Ammo acid sequence oi ryru>M j 

accession no. Q8U0F3). 

SEQ ID no-n: Amino add «,u»« oiMOHa^^^n. *enn».»^op«»» 
JO mevalonate kinas. (Swiss-Prot acceiMon no. Q50559) . 

SEQ ID N0-.1Z: Amino add «,ucnc of Ar«. m«aIona.a kinase (Swiss- 

Prot accession no. 027995). 

SEQ ID NO:ia: Amino add sequence o£Me— mev^nate kinase 
(Swiss-Prot accession no. Q58487). 

„ SEQIDNOa3.Aminoaddse,uenceofM*».»-i--*«— 
(Swiss-Prot accession no. Q58487). 

SEQ ID NO:U. Amino add s=,u.nce kinase (Swiss-Pro. 

accession no. Q9Y946). 
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. . -J .^^,,^rirA nf His^-taeeed mevalonate kinase of Paracoccus 
SEQ ID NO:15: Ammo acid sequence ot Hise xaggeu mcv 

zeaxanthinifaciens, 

SEQ ID N0:16: DNA sequence ofParacoccu, zeaxantHm^ mmlonate kn.««. 
SEQ ID N0a7: DNA «,aence of human mevalonate kinase (G«*"k accession no. 
5 M88468). 

SEQ ID N0:18: DNA sequence of mouse mevalonate kinase (Genbank accession no. 
AF137598). 

SEQ ID N0:19: DNA sequence of «. mevalona« Idna^ (Genbank acc«sion no. M29472). 

SEQIDNO:20:DNAs«ju«.c.of>ln«*ri»«h«««»>"='^°»^ . 
10 accession no. X77793). 

SEQ ID NO:21: DNA sequence of yeast mevalonate kinase (Genbank accession no. 
X06114). 

SEQ ID NO:22: DNA sequence of Scl,kmudum,m,ccs fo^ie mevalonate kinase (Genbank 
accession no. AB000541). 

SEQ ID NO:23: DNA sequence of i^.-"- -"^""'^ (Genbankac^on 
no.AJ248284). 

SEQ ID NO:24: DNA sequence oiPyrococcus horikoshU mevalonate kinase (Genbank 
accession no. AB009515; reverse direction). 

SEQ ID NO:25: DNA sequence ofPrococcusfuriosus mevalonate kinase (Genbank 
20 accession no. AE0I0263; reverse direction). 

SEQ ID NO:26: DNA sequence omethanohaaerium thermoautotrophicum mevalonate 
kinase (Genbank accession no. U47134). 

SEQ ID NO:27: DNA sequence of Archaeo^ohus fulgidus mevalonate kinase (Genbank 
accession no. AE000946; reverse direction), 
as SEQ ID NO:28: DNA sequence oiMemnococcusjannasM „.evalonate kinase (Genbank 
accession no. U67551). 

SEQ ID NO:29: DNA sequence of Mopi^m pemix mevalonate kinase (Genbank 
accession no. AP00()O64). 
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nf Phaffia rhodozyma ATCC96594 mevalonate 
SEQ ID NO:30: Amino add sequence of Fhajpa rnoa zym 

kinase. 

SEQ ID N0.3.: G».. (DNA) «,u»ce oi^^ rWo^ 



5 Exon 1: 


1021-1124 


Intron 1: 


1125-1630 


Exon 2: 


1631-1956 


Intron 2: 


1957-2051 


Exon 3: 


2052-2366 


10 Intron 3: 


2367-2446 


Exon 4: 


2447-2651 


Intron 4: 


2652-2732 


Exon 5: 


2733-3188 


PolyAsite: 


3284 



15 SEQ ID .NO:32:DNA sequence of the Hisfi-taggeara 
mevalonate kinase mutant I17T. 

SEQ ID NO:33: DNA s=,u»ce of the Hi*-<ag8ea P«r»»c». ^n,mf^ 
!^on.tekina,= muUntn7T/G47D/K93E/P132S. 



